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ABSTRACT
Weeks, Gary L. , M.S., Winter, 1980 Geology
Precambrian Geology of the Boulder River Area, Beartooth Moun­
ta ins ,  Montana
Director: David Fountain ^1).
The Boulder River area l ies  along the Boulder River within the 
Archean core of the Beartooth Mountains. The area contains two 
major l i tho log ies:  1) a medium-grained massive to s l ig h t ly  f o l i a ­
ted granite; and 2) b io t i te - r ic h  metasediments. The b io t i t e  rich  
metasediments are mapped as regionally metamorphosed schists bear­
ing the assemblage quartz + b io t i te  ± cord ier ite  ± s tauro l i te  ± 
anthophylli te and massive hornfels within the S t i l lw a te r  Complex 
thermal aureole. The hornfels lacks s tauro l i te  and may have pyro­
xene. The schist mineral assemblage indicates amphibolite facies 
metamorphism of the low pressure intermediate (Buchan) type. The 
thermally metamorphosed rocks are in the hornblende and pyroxene 
hornfel facies.
The medium-grained granite covers at least 150 sq. km and in­
trudes the b io t i te  schists. The granite and the metasedimentary 
rocks have undergone a la te r , low  grade metamorphism which pro­
duced a ch lor i te  and epidote assemblage. Minor l i thologies in the 
Boulder River area are quartzo-feldspathic gneiss, amphibolite,  
q uartz i te ,  quartz-magnetite rock, and to na l i té .
Foliation in the schists indicates open folds plunging gently 
northward. This is the same structural pattern as the terra in  to 
the east of the Boulder River which is known as the Beartooth 
Block. I t  d i f fe rs  from the northeast s tr ik ing  fold pattern of  
the rocks to the west in the North Snowy Block. The granite and 
schists also resemble rocks mapped to the east along the S t i l l ­
water River.
Major events in Precambrian geologic history of the Boulder 
River area are: 1) deposition o f  schist proto l i ths;  2) regional
amphibolite facies metamorphism (~2.7 b .y . ) ;  3) intrusion o f  the 
S t i l lw a te r  Complex and formation of hornfels (~2.7 b .y . ) ;  4) gra­
n ite  intrusion (~2.7 b .y . ) ;  and 5) greenschist facies metamorphism 
(<1.9 b.y. ).
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CHAPTER I 
INTRODUCTION
The Beartooth Mountains are a rectangular block o f  Precambrian 
rock up l i f ted  along reverse fau lts  in Laramide time. The range l ies  
along the Montana-Wyoming border near the northern l im i t  of a gorup 
of basement-cored u p l i f ts  called the Wyoming Province (Fig. 1). North 
of  the Colorado-Wyoming border, these u p l i f ts  y ie ld  2 . 6  - 2.7 b i l l io n  
year (b .y . )  Rb-Sr whole rock ages and so are referred to as the Archean 
Wyoming Province (Condie, 1976). In the Beartooth Mountains, the event 
that set the Rb-Sr whole-rock systems at 2.6 -  2.7 b.y. is called the 
Beartooth orogeny (Skinner and others, 1969).
Although the geology is complex, the Precambrian rocks o f  the 
Beartooth Mountains can be divided into eastern and western portions 
(Fig. 2).  The eastern portion, known as the Beartooth Block, is pre­
dominately composed o f  quartzo-feldspathic gneiss, migmatite, and 
granite and contains only minor amounts of supracrustal rock. The 
rocks display north-south trending folds and, l ik e  the u p l i f ts  to the 
south, give 2.5 - 2.7 b.y. K-Ar mineral dates (Cast and other, 1958; 
Gasella, 1969; Wooden and others, 1979b). The dates probably r e f le c t  
cooling following the Beartooth orogeny.
In contrast, the western Beartooth Mountains, which are separated 
into the North and South Snowy Blocks by the Absaroka volcanics, host a 
much larger  percentage of metasedimentary rocks. Geologic structure maps
1
Tobacco Root 
Mtns.
Beartooth
"NMtns.Ruby
•W  —MONTANA _  
WYOMING"
te
Bighorn
.Mtns.
g  Black 
Hills
Teton Q
OwICreek
o
Wind'
River
Hartville 
Uplift /Granite\ \M tn s .  
" %
LaramieMedicine Bow
Mtns.
IQRADQ
1 j.
r\)
100 200 300km
Figure 1. Basement uplifts of the Archean Wyoming Province (after King, 1976).
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for the South Snowy Block have not been published, but in the North 
Snowy Block rocks fold around northeast trending axes. Furthermore, 
Precambrian rocks in the western Beartooth Mountains give 1.7 - 1.9 
b.y. K-Ar mineral dates (Brookings, 1960; Reid and others, 1975). These 
younger mineral dates must r e f le c t  an event la te r  than that which set 
the Rb-Sr whole rock systems at  2.6 - 2.8 b .y . .  Such an event may have 
been a la te r  metamorphism. Rocks in the North Snowy Block show evidence 
o f  a post-Beartooth orogeny greenschist facies metamorphism whereas rocks 
in the eastern Beartooth Mountains do not. All the u p l i f ts  to the west 
of the Beartooth Mountains give K-Ar mineral dates around 1.7 -  1.9 b .y . .
The purpose of my study was to locate and investigate the nature 
of the contact between the radiometrically reset northeast-trending wes­
tern terra in  and the unreset north-trending Beartooth Block. The study 
area is along the Boulder River in a portion of  the Beartooths which 
Page (1977) named the S t i l lw a te r  Block a f te r  the S t i l lw a te r  Igneous 
Complex. Previously, the rocks here had been mapped in reconnaissance 
as quartzo-feldspathic gneiss and metasedimentary hornfels of  the S t i l l ­
water Complex contract aureole (Page and others, 1973; Reid and others, 
1975).
My study, however, shows almost a l l  the rocks mapped as quartzo- 
feldspathic gneiss are unfoliated granite and most of the hornfels is 
regionally metamorphosed schist (Fig. 3). The schists are s im ila r  to 
those mapped by Butler (1960) in the Cathedral Peak area along the 
S t i l lw a te r  River. The fold structure o f  the Boulder River rocks is 
also s im ilar  to that in the Beartooth Block and, hence, the S t i l lw a te r
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Block belongs to the eastern structural province.
The Boulder River granite apparently separates the north-trending  
structural province from the northeast trending North Snowy Block. No 
minerals were dated, but the granite and schists have undergone a post- 
Beartooth-orogeny greenschist-facies metamorphism which presumably has 
reset the K-Ar mineral systems.
Location and Access
The Boulder River study area is in T .4S . ,  R. 12E. and T. 53 . ,  R. 12E. 
in southern Park and Sweetgrass counties. I t  covers portions o f  the 
Mount Douglas and Mount Cowen 15 minute quadrangles. A wel1-maintained 
road from the town of Big Timber, Montana provides access to the Boul­
der River Valley. Several poorly kept t r a i l s  lead up the major t r ib u ­
tary creeks. The country is rugged, and trees and glacial deposits 
obscure much of the bedrock geology.
Previous Studies
Reid and others (1975) and Page and others (1973) reconnaissance 
mapped the area around the Boulder River. Wilson (1936) mapped a s t r ip  
along the Mil l  Creek -  S t i l lw a te r  Fault which is south of the study 
area. Page (1977) reported on the contact metamorphosed rock immedia­
te ly  south of the S t i l lw a te r  Complex. Powell and others (1969) radio-  
m etr ica l ly  dated the hornfels and schists in the area; Bel trame (1972) 
published the petrography o f  some of the dated samples. Many studies 
have been done in the Beartooth Mountains, and the reader is referred
0
to the extensive bibliography in Mueller and Wooden (1979).
Present Work
Field work was done in the summer of  1978. The base maps were 
enlarged 15 minute topographic quadrangle maps. About 90 samples 
were collected for thin-section analysis.
CHAPTER I I  
IGNEOUS ROCKS
Granitic Plutons
Rocks of g ran it ic  to qranodiorit ic  composition form a batholith  
of at least 150 square kilometers along the west side of the Boulder 
River (Fig. 3). In the H e l l 's  Canyon area, these white to pink fe ls ic  
rocks intrude a small outcrop of grey to n a l i té  or trondhjemite. Paleo­
zoic rocks cover the granite a t  the northern end of the West Boulder 
Plateau and Tert ia ry  volcanics bury the granite to the southeast.
North of the Mil l  Creek -  S t i l lw a te r  f a u l t ,  the granite intrudes Pre­
cambrian schists. Southwest of  the Mil l  Creek -  S t i l lw a te r  f a u l t ,  
Wilson (1936) followed a "coarse, pink, b io t i t e  granite" as fa r  east 
as the West Fork of the S t i l lw a te r  River. Butler (1968) and Page and 
others (1973), however, called the rocks in th is area gran it ic  gneiss 
during reconnaissance mapping. I t  may be that the granite contains 
large inclusions of gneissic country rock as does the Long Lake gra­
nite  in the southeastern Beartooth Mountains (Wooden and others, 1979b) 
The Boulder River granite may continue as fa r  west as the West 
Boulder River. In the l a t t e r  area, Reid and others (1975) mapped a 
quartzo-feldspathic gneiss, and E l l i o t t  and others (1977) reported 
that the gran it ic  rocks along the Boulder and West Boulder River were 
i ndi s t i  ngui shable.
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Petrology
The Boulder River granite and the smaller to n a l i té  outcrop at  
H e ll 's  Canyon have a medium- to coarse-grained, porphyrlt ic ,  Inequi-  
granular.  Igneous texture lo c a l ly  overprinted by a weak fo l ia t io n  of  
b io t i te  clots. Both intrusive bodies lack the fe ls ic -m afic  composi­
tional banding character is t ic  of quartzo-feldspathic gneisses mapped 
elsewhere in the Beartooths (e.g. Gasella, 1969).
The b io t i te  fo l ia t io n  is absent near granite-country rock con­
tacts and appears not to be related to intrusion but to a subsequent 
deformation. The other fe ls ic  intrusions in the Beartooths, i . e .  the 
Mouat granite on the West Fork of the S t i l lw a te r  River (Page and 
Nockleberg, 1972), the Long Lake granite along Highway 212 (Wooden 
and others, 1979b), and the Jardine and Hell roaring Creek granite  
north o f  Yellowstone Park (Lahti ,  1975; Gasella, 1979) also feature a 
weak fo l ia t io n .
Table 1 summarizes the granite and tona l i té  mineralogy, and Figure 
4 i l lu s t ra te s  these modes on a Streckeisen quartz -a lka l i  feldspar-  
plagioclase plot.
Granite and to n a l i té  thin sections reveal a r e l i c t  xenomorphic, 
"porphyrltic" texture. The main constituents, quartz, plagioclase, and 
microcline (absent in the to n a l i té )  occur as mediurn-grained megacrysts 
and as f ine grains in the groundmass along with b io t i t e ,  epidote and 
muscovite. The minerals have serrate grain boundaries and are ingrown 
along quartz-feldspar contacts.
Table 1. Modal Analyses of Intrusive Granitic Rocks 
(Volume % Visual Estimate)
Sample # S15D 307 HC2 S15C F34 G9 S201 S15B S15F S15M
Quartz 25 40 30 30 30 50 40 40 35 35
Plagioclase 60 40 50 35 25 25 25 30 45 30
Microcline - - - 20 35 35 25 20 20 30
B io tite 3 3 10 5 5 5 5 5 Tr 3
Muscovite 1 - - 1 4 4 - 1 1 1
Epidote 2. 7 7 3 1 1 3 5 1 1
Sphene 1 1 - - Tr Tr - Tr - -
Apatite Tr Tr - Tr - - Tr Tr Tr -
Zircon - - - Tr Tr - - - - Tr
Garnet Tr - - Tr - - - Tr Tr -
Chlorite 1 1 - - - Tr - 1 Tr Tr
Seri ci te Tr Tr 3 Tr Tr 2 - - 1 Tr
Opaques Tr 1 1 Tr Tr - Tr Tr Tr Tr
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QUARTZ
Gronife \  Granodiorife Jonalite
K-FELDSPAR PLAGIOCLASE
Figure 4. Quartz -  potassium feldspar -  plagioclase plot  
of the modal compositions of the g ran i t ic  in ­
trusive rocks.
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Undulose quartz occurs as anhedral, coarse- to mediurn-grained mege- 
crysts, as individual f ine grains in the ground mass and as i r regu lar  
clots o f  f ine grains. Myrmekitic intergrowths are common in the 
smaller grains (Fig. 5).  These may cut into plagioclase grains.
Plagioclase, An^^-An2 2 » is found as subhedral megacrysts and angular, 
f in e r  grains. Crystals display a lb i te  twinning, exsolved microcline,  
blebs (a n t ip e r th i t e ) , round quartz inclusions, and lack perceptible  
zoning (Fig. 6 ) .  Seri ci te and epidote occur on the margins o f  some 
grains and in the cores o f  others. Fine-grained muscovite appears as 
inclusions oriented along plagioclase crystallographic axes (Fig. 7).
In one section, plagioclase has undulose extinction and bent twin 
lam ellae .
Tartan twinned, p e r th i t ic  microcline occurs only in the granite  
pluton as subhedral to anhedral, tabular megacrysts and anhedral ground- 
mass grains. Plagioclase cores in some grains suggest microcline grew 
by replacement.
B io t i te ,  the only mafic mineral, is f ine grained with i r reg u lar  
margins. Pleichroism ( x ‘ = l ig h t  tan; y ' = o l ive  green; z' = l ig h t  
olive  green) suggests re -eq u i l ib ra t io n  a t  lower grades rather than the 
orig inal  magmatism, Pleochroic halos are rare.
Muscovite, an uncommon constituent,  is ty p ic a l ly  f ine grained, 
anhedral and c h a ra c te r is t ic a l ly  associated with plagioclase or 
ingrown with b io t i t e .  In places where b io t i t e  cuts muscovite, the 
contact is l ined with magnetite (Fig. 8 ). Such textures suggest the
14
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Figure 5. Microcline and myrmekite in the granite,
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Figure 6 . A n t ip e r th i t ic  plagioclase.
15
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Figure 7. Muscovite inclusions in plagioclase.
'  r
, 0 .5m m  ,
Figure 8 . B io t i te  (B),  magnetite (Mg), muscovite (Mu), 
epidote (E ) ,  and plagioclase (P) from the granite.
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muscovite is secondary. Some larger grains, however, show no replace­
ment relationship and may be primary.
Epidote occurs as f ine to medium, anhedral grains and grain aggre­
gates. Optical character is t ics (birefringence = .032, 2V = 75* )̂ in d i ­
cate an 11 percent FegOg content (Heinrich, 1965). Crystals display 
pale yellow to pale greenish pleochroism with darker cores in the 
larger grains. Epidote generally associates with plagioclase, musco­
v i te  and b io t i te .  A possible reaction for epidote formation is:  
plagioclase + b io t i te  epidote + muscovite + a lb i te  + quartz.
Other minerals present in trace amounts include sphene, magnetite, 
c h lo r i te  (a l te r in g  from b i o t i t e ) ,  ap a t i te ,  z ircon, sphene, and s l ig h t ly  
b iré fr in gent  ugrandite garnet.
Field Relationships
The Boulder River granite sharply cross-cuts both the small tona­
l i t é  pluton and the country rock schists (Figs. 9 and 10). Near the 
granite numerous gran i t ic  dikes and s i l l s  ( 2  m to 1 cm wide), some 
pegmatitic, invade the adjacent schist. Although the tonalite-country  
rock contact is not exposed, the to n a l i té ,  as well as the granite,  
contains schistose country rock xenoliths. These xenoliths contain 
more plagioclase and epidote than the wall rock indicating part ia l  
assimilation. The granite intruded by stoping (Fig. 10), but a thin  
protoclast ic  margin at  one contact suggests some forc ib le  emplacement.
17
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Figure 10. Granite intruding to n a l i té .
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Metamorphism
The aforementioned features (b io t i te  l in ea t io n ,  low An content 
plagioclase, greenish b io t i t e ,  recrys ta l l ized  texture,  and presence of  
secondary muscovite, c h lo r i te ,  and epidote) imply that the Boulder 
River granite has undergone greenschist-facies metamorphism. This has 
also happened to the Mouat granite on the West Fork o f  the S t i l lw a te r  
River and the Oardine-Crevasse granite north of Gardiner, both of which 
petrographically resemble the Boulder River pluton (Page and Mockleberg, 
1972; Laht i ,  1975). The petrologies o f  the Long Lake granite along 
Highway 212 and the Hell roaring Creek granite north o f  Yellowstone Park 
have not been published, but resemble the Boulder River granite in hand 
sample (Fountain, personal communication, 1979).
Ori gin
Australian petrologists have posited a method to distinguish gra­
nites o f  presumed metaigneous derivation (cal led I - type) from those of  
metasedimentary derivation (S-type). Their technique employs chemical, 
mineralogical, and xenolith composition c r i t e r i a  (e.g. Chappell and 
White, 1974; Hine and others, 1978; Chappell, 1978). Although these 
c r i t e r i a  distinguish Paleozoic Australian plutons, they have not been 
widely applied to granite in other areas or to granites of d i f fe re n t  
ages.
The xenolith composition c r i t e r i a  are not applicable to the Boul­
der River granite because the xenoliths seem to be wall-rock rather  
than source-rock remnants. Mineralogical c r i t e r i a  such as b io t i t e  color
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Table 2. Chemical 
(Weight. %;
Analyses of Granitic Rocks 
a l l  iron as FeO)
Granites Tonal i t (
Sample # S15b 69 S201a HC2
SiOg 79.19 74.63 76.11 76.04
TiOg 0.14 0 . 1 2 0 . 1 0 0.39
AlgOj 13.85 14. 10 14.50 11.51
FeO 0.94 0.06 0.39 2.48
MgO 0.79 0.77 0.70 4.85
MnO 0.04 0 . 0 2 0 . 0 1 0.07
CaO 1.84 0.89 0.17 1.59
Na^O 3.76 3.44 4.45 1.97
KgO
AlgOs
CaO+NagO+KgO
3.46 4.48 3.57 1 . 1 1
1.04 1.16 1.26 1.57
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and plagioclase composition are also useless here since these minerals 
were a ltered by greenschist-facies metamorphism. The Boulder River 
granite does contain muscovite and lacks hornblende, both indicative  
of  S-type granites. Unfortunately, i t  is d i f f i c u l t  to t e l l  i f  the 
muscovite is primary and absence o f  a mineral is not diagnostic.
This leaves chemical c r i t e r i a ,  assuming that the greenschist facies 
metamorphism was isochemical. In Austra l ia ,  S-type granites have a 
mole-percent A12 O3 / (N a 2 0 +K2 0 +Ca0 ) greater than 1.04 (Hine and others,  
1978; Chappell, 1978). Table 2 gives the chemical composition of 3 
granites and 1 to n a l i té  samples as determined by neutron activation  
analysis (with S i 0 2  found by subtracting other elements from 1 0 0  per­
cent).  The Boulder River granite has an aluminum to a lk a l i  + calcium 
ra t io  greater than 1.04. The Mouat granite .  Long Lake granite,  and 
the Hell roaring Creek granite also have ratios higher than 1.04 (Page 
and Nokleberg, 1972; Wooden, 1979; Wooden and others, 1979).
Other chemical trends used to distinguish Australian I -  and S- 
type granites converge at high SiOg values and are not applicable.  
Nonetheless, considering the avai lab le  data, the presence of muscovite, 
absence o f  hornblende, and high alumina to a lk a l i  r a t io ,  the Boulder 
River granite best f i t s  the S-type granite category.
Age
The Boulder River granite has not been radiometrically dated but 
must be older than the pre-mid-Cambrian erosional plateau surface.
The granite intrudes schist with a 2730 ± 150 b.y. Rb-Sr whole rock
Table 3. Rb-Sr Whole-Rock Ages, In i t ia l  Ratios, and U-Pb Zircon Ages of Granites 
from the Beartooth Mountains,
Rock Age In i t ia l  Ratio Reference
Rb-Sr Whole-Rock Isochrons
Hellroaring Creek - granite 2640.+ 80 m.y. 0.7027 + .0009 Wooden and others, 1979a
Crevice Mountain - granite 2660 + 80 m.y. 0.710 assumed Brookins, 1968
Hellroaring Plateau - granite 2694 + 190 m,y. 0.704 + .006 Mueller, 1979a
Hellroaring Plateau - granite
dike
Hellroaring Plateau - granite
dike
Hellroaring Plateau - granite
pod
Long Lake - granite
2638 + 135 m.y. 
2565 + 95 m.y. 
2752 + 190 m.y. 
2810 + 40 m.y.
0.701 + .005 
0.7142 + .004 
0.704 + .006 
0.7018 + .0002
Mueller, 1979a 
Mueller. 1979a 
Mueller and others, 1976 
Wooden and other, 1979a
Zircon U-Pb Concordia Age
Mouat - granite 2750 m.y. Nunes and T ilton , 1971
ro
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age (Powell and others, 1969). As Table 3 shows, other post tectonic  
granites in the Beartooths y ie ld  ages between 2.6 -  2.8 b .y . ,  and i t  
seems reasonable to assign the same age to the Boulder River granite.
Diabase Dikes
Diabase dikes are uncommon in the Boulder River area. They host 
equal amounts o f  plagioclase and clinopyroxene in a diabasic texture.  
Minor minerals are quartz, potassium feldspar, b io t i t e  and opaques.
The clinopyroxene forms twinned, tabular grains which are largely  
replaced by a mix of  very f ine  grained secondary mineral and are 
rimmed by green amphibole ( a c t in o l i te ? ) . Unaltered, twinned, and 
zoned plagioclase (An^^ - An^g) f i l l s  the spaces between the pyroxene 
laths. A micrographie growth of quartz and potassium feldspar occurs 
in a few in te rs t ices .
Wooden (1975) used Rb-Sr whole rock datinq to determine that  
mafic dikes intruded the Beartooths at least four times: 2.5 - 2.8
b .y . ,  2.1 b .y . ,  1.33 b .y . ,  and 0.75 b .y . .  The 2.1 b.y. and 1.33 b.y. 
dikes are quartz saturated th o le i i te s  l ik e  those in the Boulder River 
area. In the area near the S t i l lw a te r  Complex, Page (1977) reported 
both unmetamorphosed dikes and metamorphosed dikes with clouded pi agio- 
clase and granoblastic aggregates of  recrystal 1ized pyroxene. Both 
types intrude the S t i l lw a te r  Complex and metamorphic rocks.
CHAPTER I I I  
METAMORPHIC ROCKS
Metamorphic rocks underlie the area between the Boulder River 
granite and the S t i l lw a te r  Complex (Fig. 3). The major rock types are 
very f ine-gra ined,  dark grey, amphibolite facies b io t i te  schists and, 
near the S t i l lw a te r  Complex, th e i r  thermally metamorphosed hornfels 
equivalents. Interlayered with the schists are thin layers of  blue 
q uartz i te  and quartz-magnetite rock.
Quartzo-feldspathic gneiss, the dominant l i tho logy in the eastern 
Beartooths, outcrops in a small area along the Boulder River north of  
Box Canyon Station. The gneiss contains layers of  green ch lo r i te  
schist.  Scattered outcrops of amphibolite occur throughout the study 
area.
B io t i te  Schists
The b io t i t e  schist and hornfels comprise a th ick ,  monotonous se­
quence of very f ine-grained featureless metasediments. The section's  
uniformity is broken only where a re la t iv e  increase in one o f  the 
mineral constituents imparts a d is t inc t ion  to a rock layer.  For 
instance, a greater percentage of b io t i te  and anthophyl1 i te creates a 
rock with a more noticeable fo l ia t io n  and f i s s i l i t y ;  a greater percen­
tage o f  co rd ie r i te  produces a d is t in c t iv e  knobby texture (Fig. 11). 
These variations occur in layers 0.5 to 2 meters thick which, coupled 
with the paucity of outcrops, prohibited th e i r  being mapped.
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Figure n . Cordierite  poik i lob last  bearing schist showing 
the knobby surface.
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In a 1973 reconnaissance map. Page and others divided the b io t i te -  
bearing metasedimentary rocks along the Boulder River into b io t i t e -  
c o rd ie r i te  hornfels, anthophyl1 i t e - c o r d ie r i te hornfels and orthopyro­
xene hornfels. The rat ionale is found in Page's (1977) conclusion 
that there is no evidence of regional metamorphism in the metasedimen­
tary  rocks between the S t i l lw a te r  Complex and the Mil l  Creek - S t i l l ­
water Fault.  Page concentrated his e f fo r ts  on the rocks jus t  south o f  
the S t i l lw a te r  Complex which are indeed hornfels. Along the Boulder 
River, however, the thermal effects of the S t i l lw a te r  intrusion were 
less severe. Here the presence of a schistose fabric  and the presence 
of s ta u ro l i te  betray a p re -S t i l lw a te r  Complex regional metamorphism. 
Consequently, I have avoided Page's divisions fo r  the following map 
units: q u a r tz -b io t i te schists, co rd ie r i te -an th o p h y l l i te -s ta u ro l i te
schists, and hornfels proper. Table 4 shows the mineralogy of repre­
sentatives of these three groups.
The q u a r tz -b io t i te rocks contain the assemblages:
1 ) quartz + b io t i te  + plagioclase; and
2 ) quartz + b io t i t e  + garnet + plagioclase.
Undulose quartz and twinned plagioclase (An^^-An^^) are very f in e ­
grained and angular to subangular. Garnet occurs as f ine -  to medium- 
grained, augen-shaped poik i loblasts with quartz inclusions. The f o l i a ­
t io n ,  defined by very f ine brown to tan b io t i t e ,  wraps around the 
garnet.
Table 4. Modal Analysis of Metamorphic Rocks 
(Volume % Visual Estimate)
Cordierite-staurolite schistOuartz-biotite schist
Sample Number: 
quartz 
b io t ite  
plagioclase 
microcline 
cordierite  
anthophyl11 te 
cummi ngtoni te 
stauro lite  
hornblende 
garnet 
chi ori te 
muscovi te 
epidote 
opaques 
sphene
G8
60
10
10
5
15
GSla
55
1
Tr
20
24
F6
35
20
5
25
5
Tr
8
Tr
F2
30
15
4
25
8
13
Tr
F5
30
20
4
30
10
Tr
2
Tr
Hornfels
F26b
22
15
5
40
10
ro
Gneiss
Table 4. (Continued) 
Greenschists Amphibolites
Sample Number: Gll-1 SlOc SlOcl S15b G43 Gil
quartz 45 55 2 45 5 20
b io tite 5 1 - Tr 1 1
plagioclase 25 15 50 30 40 40
microcline 25 20 - 5 - -
cordieri te - - - - - -
anthophyl1ite - - - - - -
cummingtonite - - - - - -
stauro lite - - - - - -
hornblende - - - - 45 35
garnet Tr - Tr - - Tr
chlorite - - 48 20 - Tr
muscovite - 6 - - - -
epidote Tr 3 Tr - 9 5
opaques - Tr Tr Tr Tr Tr
sphene - - - - Tr Tr
ro
■vj
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Colorless to pale green c h lo r i te ,  pseudomorphous a f te r  b io t i t e ,  
is a common constituent. Other accessory minerals in trace amounts 
include epidote, opaque minerals and s e r ic i te .  Cordierite and stauro­
l i t e  ra re ly  occur in these rocks.
The mineralogy of the schist is s im ila r  to schist in the Cathedral 
Peak area, 16 km to the east (Butler ,  1968), and to the Davis Creek 
schist of the North Snowy Block 20 km to the west (Reid and others,  
1975). The former, however, tend to have a b i t  more s ta u ro l i te  whereas 
the l a t t e r  have more cord ier i te .
The q u a r tz -b io t i te schists form a 0.5 - 1.5 km-wide band between 
the Boulder River granite and the quartz -b io t ite -s taurol i te -anthophy-  
1 1 i t e  schists.
This unit  consists of the assemblages:
1) quartz + b io t i t e  + cord ier i te  + anthophyl1 i t e  + s ta uro l i te  + 
plagioclase;
2 ) quartz + b io t i te  + cord ier i te  + anthophyl1 i te + plagioclase;
3 ) quartz + b io t i t e  + cord ier i te  + s tauro l i te  + plagioclase.
The f i r s t  assemblage is the most common. Quartz and plagioclase
appear as in the q u a r tz -b io t i te schists, although in lesser amounts. 
B io t i te  occurs as very f ine-grained,  subhedral, fo l ia te d  grains and as 
randomly oriented, smaller, more ir reg u lar  flakes in cord ie r i te  poiki-  
loblasts .  This suggests two generations o f  b io t i t e  growth: the f i r s t
without directed stress produced unoriented grains subsequently engulfed 
by co rd ie r i te  growth and the second accompanied by directed stress
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reoriented the grains outside the poik i lobiasts .  This la te r  fo l ia t io n  
wraps around the cord ie r i te  poiki loblasts (Figs, 12 and 13).
Anthophyl1 i te is also found as oriented and unoriented grains. 
Unlike the b io t i t e ,  anthophyl1i t e  forms scattered fine-grained p r is ­
matic; bladed or sheathlike porphyroblasts (Fig. 14). The 
high 2v (80-90°) and pale yellow pleochroism imply a 20 percent FegOg 
content (Deer and others, 1966). The anthophyl1i te is ingrown with 
b io t i t e  and seems to be replacing i t .
Tiny, stubby, s ta u ro l i te  grains comprise less than 10 percent of  
a rock but are prominent in thin section because of th e i r  high r e l i e f ,  
cruciform twins and yellow pleochroism (Fig. 14). Unlike b io t i te  and 
anthophyl1i t e ,  s ta u ro l i te  is uniformly unoriented. I t  cuts b io t i te  
and anthophyl1 i te and may post-date both.
C o rd ier i te ,  in contrast to s ta u r o l i te , is  ind is t in c t  but nonethe­
less provides the rocks with most o f  th e i r  character. The ovate, 
medium-grained, co rd ie r i te  poiki loblasts up to 5 mm long may constitute  
60 percent of  a rock imparting a curious bumpy appearance in hand spe­
cimen. These poiki loblasts host so many inclusions th a t ,  in some thin  
sections, the c o rd ie r i te  is merely a v/eb holding together a congested 
mass o f  quartz b i o t i t e ,  s ta u ro l i te  and anthophyl1i te (Fig. 13). The 
co rd ie r i te  has a posit ive 2 v o f  60°, is untwinned, and best recognized 
by submicroscopic a l te ra t io n  around i ts  contacts with other grains.
The included b io t i t e  and quartz are f iner-grained than those in 
the matrix between the po ik i lob lasts .  Curiously, s ta u ro l i te  and 
anthophyll i te  occur as inclusions in co rd ie r i te  in some thin sections
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Figure 12, Altered co rd ie r i te  poiki loblasts
n
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< . # » :  c
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2 mm
Figure 13, B io t ie  (B) fo l ia t io n  wrapping around cord­
i e r i t e  poik i lob lasts  (C),
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0.5mm
Figure 14. S tauro l i te  (S) ,  anthophyll i te (A), and biO' 
t i t e  inclusions in a cord ie r i te  po ik i lob last .
2 mm
Figure 15. B io t i te  c lo t  from a hornfels.
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but form rims around the poiki loblasts in others. The poiki loblasts  
are generally ovate and para l le l  the fo l ia t io n .
Hornfels
Closer to the S t i l lw a te r  Complex, the rocks host more and more 
unoriented b io t i te  and the schistose fabric  gives way to a massive 
one. Unfortunately, samples collected in the hornfels zone are ex­
tremely a ltered .  The most common assemblages are:
1 ) quartz + b io t i te  + cord ie r i te  + anthophylli te and/or 
cummingtonite ± plagioclase;
2 ) quartz + b io t i te  + co rd ier i te  + orthopyroxene + magnetite. 
The orthopyroxene and much of the cord ier i te  is almost completely 
replaced by very f ine-grained a l te ra t io n  minerals.
Compared to the schists, the hornfels: 1) lacks s ta u ro l i te ;
2 ) hosts e i th er  prismatic cummingtonite along with anthophyllite or 
f in e ,  equant, orthopyroxene ; 3) features f ine-grained, cyclic-twinned  
c o rd ie r i te ;  4) contain b io t i t e  clots (Fig. 15); and 5) has more magne­
t i t e .  Magnetite may become so p le n t i fu l  to form 1 to 10 cm layers of  
quartz-magnetite rock. This unit  has a l te rnat ing  quartz-r ich and 
magnetite-r ich layers and lo c a l ly  contains orthopyroxene. Howland 
(1955) also found o l iv in e ,  grunerite ,  plagioclase, and hedenbergite 
in th is  unit .
Near the quartz-magnetite rock occurrences are poorly exposed 
outcrops of bluish, coarse-grained quartz i te .  In thin section, the
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rock is composed almost t o t a l l y  of  coarse ( 1 - 2  cm), undulose quartz 
with sutured contacts.
Paqe (1977) published a comprehensive report on the hornfels rocks 
below the S t i l lw a te r  Complex based on many exposures and fresh core 
samples. He reports that the iron formation and quartz i te  units ranqe 
in thickness from a few meters to 300 m. He also described a contact 
metamorphosed diamict i te  which does not outcrop in the Boulder River 
area. The reader is referred to Page's report for more information 
about the hornfels.
Origin o f  the Schists and Hornfels
In Table 5 are f ive  chemical analyses of  the s ta u ro l i te -c o rd ie r i te -  
anthophyl1i te schists. Like the granite samples, these were analysed 
by neutron ac t iva t ion  with SiOg determined by subtracting the other e le ­
ments from 100%. The la s t  two columns in Table 5 show the average and 
range o f  the S t i l lw a te r  Complex hornfels reported by Page (1977) and 
the average o f  three b io t i t e  schist from the Cathedral Peak study of  
Butler (1968).
Comparing these columsn, the Boulder River schists have more SiOg 
(which may be an a r t i f a c t  o f  the method) and MgO and less to ta l  iron 
and AlgOg than Page's or Butler 's  samples. The Boulder River analyses 
do f a l l  within the range o f  Pane's analysis.
The Beartooth Mountain schists and hornfels are chemically s im ilar  
to Precambrian greywackes and lu t i t e s  (Table 6 ) although the Beartooth 
samples are higher in iron and magnesium and lower in a lk a l is .  Pane
Table 5. Chemical analysis of Boulder River schists and hornfels and comparison with 
hornfels and schists from nearby areas (weight % ;  a ll iron as FeO).
1 2 3 4 5 6 7
SiOg 73.03 69.16 60.19 61.76 64.57 56.52
(44.8-67.6)
59.51
TiOg 0.45 0.73 0.87 0.79 0.76 0.89
(0.52-1.45)
0.67
^^2^3 13.03 17.95 20.9 14.53 16.01 18.77
(14.0-25.7)
16.85
FeO 3.78 4.82 5.01 6.35 6.97 11.35
(6.2-18.33)
10.25
MnO 0.06 0.08 0.08 0.11 0.10 0.07
(6.02-0.13)
0.11
MgO 5.30 7.49 7.57 9.90 8.22 6.46
(3.0-11.10)
5.20
CaO 1.20 1.27 0.14 2.45 0.58 1.33
(0.00-13.9)
1.39
Na20 1.68 1.15 1.29 1.91 1.05 1.10
(0.00-3.52)
1.39
KgO
Sample # 
Column 1
1.47
68
quartz +
2.34
F6
b io t ite  +
3.93
F2
schist
2.19
F27B
1.65
S181
1.40
(0.09-3.20)
2.77
2,3 quartz + b io tite  + cordierite + staurolite + anthophyllite schist 
4,5 quartz + b io t ite  + cordierite + anthophyllite/cumminqtonite hornfels
6 average and range of 32 Stillwater hornfels from Page (1977)
7 average of 3 Cathedral Peak schists from Butler (1968)
w
-p i
Table 6 Comparison o f chemical analyses of hornfels and schists below the S tillw a te r Complex 
with other rock types (Weight % ;  a ll iron as FeO)
1 2 3 4 5 6
SiOg 58.12 64.4 56.30 59.8 66.2 66.75
TiOg 0.85 0.62 0.77 0.55 0.52 0.63
AlgOg 18.15 15.5 17.24 12.9 10.2 13.54
FeO 10.35 6.54 8.92 6.56 7.01 4.14
MnO 0.07 - 0.10 - - 0.12
MgO 6.53 3.12 2.54 4.44 4.56 2.15
CaO 1.31 2.22 1.0 3.18 1.97 2.54
Nd20 1.19 3.74 1.23 2.83 1.80 2.93
KgO 1.63 2.44 3.79 2.23 1.58 1.99
Average o f the 41 analyses of schists and hornfels from Table 5.
^Average Precambrian greywacke, Wyoming (Condie, 1967).
^Precambrian lu t ite  (Nanz, 1953).
^Average Precambrian greywacke, Bel vue Formation, Fig Tree Group, South Africa (Condie & others, 
1970.
^Average Precambrian greywacke, Sheba Formation, Fig Tree Group, South Africa (Condie & others, 
1970).
^Average greywacke (PettiJohn, 1963).
wCl
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(1977) a t t r ib u ted  these differences to the prec ip ita t ion  of iron and 
magnesium rich minerals such as carbonates during sedimentation. That 
such prec ip i ta t io n  occurred is corroborated by the presence of iron 
formation in the section. The iron formation contains as much as 50 
percent iron oxide iron and 12 percent MgO magnesium (Page, 1977).
Quartzo-feldspathic Gneiss
Medium-grained quartzo-feldspathic gneiss with intercalated  
greenschist outcrops in a small area near the Boulder River near Camp 
Mimanagish. The gneiss hosts dark, greenish mafic and pink fe ls ic  
bands 2 to 5 cm thick. Quartz, twinned plagioclase (An^-An^g), micro­
c l in e ,  brown b i o t i t e ,  muscovite, and epidote are the dominant minerals. 
Garnet, opaques, a p a t i te ,  and ch lo r i te  are minor members. The minerals 
display a range o f  grain sizes and are a l l  anhedral except for local 
medium-grained microcline porphyroblasts. These porphyroblasts may 
be rimmed by myrmekitic plagioclase. Quartz-feldspar contacts are gen­
e r a l ly  sutured and quartz is ingrown with muscovite. The platy minerals 
are unfoliated. The mineralogy of  the gneiss is quite variable (Table
4 ) ,  ranging from the equivalent of  granite to to na l i ty .
Interlayered with the gneiss are 10 cm thick bands o f  f ine-grained  
greenschists containing fo l ia te d  c h lo r i te ,  quartz, a l b i t i t c  plagioclase,  
p e r th i t ic  orthoclase, and muscovite. Accessory minerals include epi­
dote, s e r ic i t e ,  zircon sphene and opaques. Again, the mineralogy of  
these rocks is quite variable.  The green ch lor i te  ty p ic a l ly  has brown 
cores and probably replaced b io t i t e .  The greenschist layers are in 
concrodant contact with the quartzo-fe ldspathic gneiss.
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An in terest ing  feature of  the gneiss and greenschist is th e i r  
complex, small-scale, i n t r a f o l i a l ,  isoclina l  folds. The b io t i te  
schists,  in contrast,  are s tru c tu ra l ly  featureless. I t  is well ex­
posed in only one small outcrop and not found in contact with the bio­
t i t e  schists or the Boulder River granite,  making confident in terpre­
tations d i f f i c u l t .
The quartzo-feldspathic gneiss is s im ilar  to other gneiss in the 
eastern Beartooth Range. The greenschist may be the retrograded 
equivalent of  the eastern b io t i te  gneiss (Casella, 1969).
0r i ni n of the Quartzo-Peldspathic Gneiss
The or ig in  o f  the Beartooth quartzo-feldspathic gneiss has long 
been contentious. Various workers have proposed metasedimentary, 
metasomatic and metaigneous origins (see reviev/ in Butler,  1969). In 
fa c t ,  the petrology and f i e ld  relationships o f  the Beartooth quartzo- 
fel  dspathic gneisses ra re ly  allow d is t inct ion  between igneous and sedi­
mentary pro to l i ths .
In an e a r l i e r  paper (1979), Fountain and Weeks argued that the 
chemistry of the Beartooth gneisses indicates they were derived from 
granites and to n a l i tés .  We concluded, on the basis of published geo- 
chronolgoical studies (see next section),  that there were tv/o episodes 
of  emplacement in the Beartooth Mountains with subsequent deformation 
o f  g ran i t ic  material .  Most of the quartzo-feldspathic gneiss was pro­
bably deformed during the 2.6 - 2 .8  b.y. Beartooth orogeny. Some of  
the t o n a l i t i c  gneiss in the southeastern Beartooth Mountains, however, 
is o lder than 3 . 3 b.y.
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Amphi boli tes
Outcrops of l ineated amphibol e-r ich  rocks occur sparingly in the 
q u a r tz -b io t i te schist unit.  They lack composotional layering and are 
composed almost e n t i re ly  of  f ine-grained, hornblende and plagioclase 
(Table 4) .  The hornblende is prismatic, l ineated and green to pale
green. The plagioclase is anhedral with an An content between 30 and
45 percent. Fine-grained, anhedral epidote may comprise 10 percent of  
a thin section. Brown b io t i t e ,  undulose quartz, garnet, sphene, and 
opaques are also present in small amounts.
Outcrops are conformable with the country rock fo l ia t io n .  Van de 
Kamp (1969) assigned a metaigneous origin to s im ilar  rocks in the 
eastern Beartooth Mountains on the basis o f  chemical trends.
Metamorphism
The best indicator of  metamorphic grade is the unusual schist  
assemblage c o rd ie r i te -s ta u ro l i te -a n th o p h y l l i te .  Although cord ier i te  
and anthophyll i te  are generally considered contact metamorphic minerals. 
Figure 16, based on experimental data, shows the minerals stable over 
the en t i re  range of amphibolite facies conditions. S tauro l i te ,  gen­
e r a l ly  an ind icator  o f  lower amphibolite facies conditions, may persist
to higher temperatures in rock devoid o f  muscovite. Figure 17 plots
the three minerals and the chemical composition of  the schists on an 
AFMK diagram. The compositions plot in the stable f ie ld  cord ie r i te  + 
anthophyll i te  + s ta uro l i te .
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Figure 16. Estimated pressure and temperature conditions for the assemblage staurolite + cordierite 
+ anthophyllite. Curve I:  Mg-chlorite + quartz = Mg-cordierite + anthophyllite (Akella and 
Winkler, 1966). Curve I I :  Fe-chloritoid + Al-si l icate = Fe-staurolite + quartz + Ĥ O (Richard­
son, 1968). Curve I I I :  Fe-staurolite + quartz = Fe-cordierite + sillimanite + H«0 (Richardson, 
1968). Curve IV: Fe-staurolite + quartz = almandine + sillmanite + Ĥ O (Richardson, 1968).
Curve V: anthophyllite = enstatite + quartz + H2 O (Greenwood, 1963).
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Figure 17. AFMK plot showing chemical compositions and min­
eral assemblages of the schists and hornfels.
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I t  seems un l ike ly ,  as proposed by Paqe (1977), that a l l  the cor- 
d ie r i t e  and anthophyl1 i te in the schists is a result  of contact meta­
morphism by the S t i l lw a te r  Complex. The reasons are: 1) the distance
from the S t i l lw a te r  Complex (more than 1 0  km) is too great; 2)  textural  
evidence (pane 2 0 ) suggests co rd ie r i te  grew prior  to the schistosity ,  
whereas contact metamorphism followed regional metamorphism; and 
3) c o rd ie r i te  and anthophyl1i te-bearing rocks are found in other areas 
of  the Beartooth Mountains at considerable distances from the S t i l l ­
water Complex. Thus, conditions required for th e i r  formation were 
extensi ve.
The assemblage co rd ie r i te  + anthophyl1i te + s tauro l i te  was repor­
ted by Butler (1968) in the Cathedral Park Area and by T i l l e y  (1937) 
from Scotland. Both occurrences were in regionally metamorphosed 
sedimentary rocks. The assemblage probably re f lec ts  the iron and 
magnesium rich nature o f  the rocks rather than metamorphic conditions.
S tauro l i te  occurs in the Cathedral Park area (Butler ,  1968), the 
North Snowy Block (Reid and others, 1975), the South Snowy Block 
(Fraser, 1969), and in the v ic in i t y  of  Yankee Jim Canyon. Schists in 
the southeastern Beartooths, however, contain a co rd ie r i te  + s i l l im a -  
n i te  assemblage suggesting a higher metamorphic temperature (Casella,  
1969). According to Miyashiro (1961), regional co rd ie r i te  indicates  
low pressure metamorphism of  the Abukuma or Buchan type.
Hornfels assemblages define two contact metamorphic facies.  The 
f i r s t ,  fa r the r  from the S t i l lw a te r  Complex, contains c o rd ie r i te  +
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b io t i t e  + anthophyl!ite/cummingtonite and represents the hornblende 
hornfels facies. The second, adjacent to the S t i l lw a te r  Complex, 
hosts the pyroxene hornfels facies assemblage cord ier i te  + b io t i te  + 
pyroxene.
S tau ro l i te  probably disappears near the S t i l lw a te r  Complex be­
cause o f  low pressure re -eq u i l ib ra t ion  near the intrusion (estimated 
at 0 -4 .5  kb by I rv in e ,  1970). According to reactions ( I I I  or IV) on 
Figure 18, s ta u r o l i te 's  prograde breakdown should produce an alumino- 
s i l i c a t e  mineral. Such a mineral is absent, but Page (1972) and 
Butler (1968) reported hercynite, an aluminum and iron spinel,  in the 
hornfels. The S t i l lw a te r  magma temperature, 1200^ - 1300°C, was 
apparently s u f f ic ie n t  to dehydrate anthophyl1 i t e  to form pyroxene 
(Page, 1977)
As is the case with the granite ,  the presence o f  c h lo r i te ,  epi-  
dote and sodic plagioclase suggests a l a te r  greenschist facies meta­
morphism. This is more evident in the quartzo-feldspathic gneiss than 
in the schist.
There is no contact aureole around the Boulder River granite.
This is also true for  the Mouat granite in the Cathedral Peak area 
(Page and Nokleberg, 1972).
Age
Powell and others (1969) determined a 2740 ± 150 m.y. Rb-Sr whole- 
rock age for  the Boulder River schists. This date f a l l s  in the 2.6 - 
2 . 8  b.y. range of Rb-Sr whole-rock and U-Pb zircon ages of quartzo-
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fe1dspathic gneisses from the eastern Beartooths (Catanzaro & Kulp, 
1964; Nunes and T i l to n ,  1971; Mueller,  1979b).
The granites described in the previous section have radiometric 
ages indistinguishable from those o f  the schists but, since they 
crosscut the metamorphic rocks, must have intruded a f te r  the peak of  
metamorphism. This relat ionship is true for  the ent ire  Archean 
Wyoming Province (Condie, 1976).
Mueller and Wooden (1976) calculated a 2750 ± 40 m.y. Rb-Sr whole
rock age for the pyroxene bearing hornfels beneath the S t i l lw a te r  Com­
plex. Recently, de Paolo and Wasserberg (1979) determined a 2701 ± 8
Sm-Nd m.y. age for  the S t i l lw a te r  Complex i t s e l f .  Hence, the S t i l l ­
water Complex intruded during the 2.6 -  2 .8  b.y, igneous and metamor­
phic period. The S t i l lw a te r  Complex postdates the metamorphic rocks 
but is crosscut by the Mouat granite and so predates at least  one of  
the g ran i t ic  intrusions.
The age o f  the lower grade greenschist facies metamorphism is 
harder to determine. Page (1977) claimed i t  is recorded by 1.6 - 1.9 
b.y. Rb-Sr mineral dates from the North Snowy Block (Reid and others,  
1975) and by a 1.6 - 1.9 b.y. lead loss in event apat i te  from the 
gneisses in the Cathedral Peak area (Nunes and T i l to n ,  1971). Cer­
t a i n ly ,  these ages are a minimum for the greenschist facies event.
In the eastern Beartooths, where evidence of the greenschist metamor­
phism is s l ig h t  or n i l ,  the K-Ar mineral dates are 2.5 b.y.
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U-Pb dates of zircons from gneisses, schists, quartz i tes ,  and 
hornfels as well as Sm-Nd model dates of  gneiss and hornfels indicate  
that the metasedimentary rocks in the Beartooths contain detr itus shed 
from a source te r ra in  older than 3.1 b.y. (Catanzaro and Kulp, 1964; 
Nunes and T i l to n ,  1971; Mueller and others, 1976; de Paolo and Wasser­
berg, 1979). Mueller (1979b) analysed the Rb-Sr and U-Pb systematics 
of t o n a l i t i c  gneisses from the eastern Beartooth Plateau and suggested 
t h e i r  p ro to l i ths  intruded 3.3 to 3.9 b.y. ago. These rocks may have 
been the source of the supracrustal rocks in the Beartooth Mountains. 
Dates older than 2.8 b.y. have not yet been found in any other part o f  
the Wyoming Province.
CHAPTER IV 
STRUCTURE
The lack of d is t in c t iv e  outcrop layering in the schists hampers 
structural  in te rpre ta t ion  by preventing the tracing of rock units 
around fo ld  axis. Strikes and dips may rad ica l ly  d i f f e r  within a 
short distance and i t  is impossible to t e l l  i f  fau lt ing  or folding is 
responsible.
Figure 18 shows 60 poles to planes o f  fo l ia t io n  and gneissic 
layering. The pattern represents t ig h t  folds plunging gently NIO^W. 
Also shown is the plunge o f  in t r a f o l i a l  fold axes from the quartzo- 
fel  dspathic gneiss. With one exception, these axes scatter  around 
the beta axis of the main fold. The axial planes of the in t r a f o l i a l  
folds p ara l le l  the fo l ia t io n  o f  the quartzo-feldspathic gneiss.
The gently north-plunging fold pattern coincides exactly with 
that from Butler 's  (1968) structural  analysis of  the Cathedral Peak 
area. I t  is also s im ila r  to the fo ld  pattern in the southeastern 
Beartooth Mountains, except that  there the folds plunge gently to the 
south (Casella,  1969).
In the North Snowy Block, however, the fo ld  axes trend N40*^E.
Reid and others (1975) contend that the northeast-trending folds over­
p r in t  e a r l i e r  north-northwest s t r ik in g  fo lds.  I f  so, the North Snowy 
Block experienced a la te r  deformation that  did not a f fe c t  the Bear­
tooth Mountains to the east. However, i t  is possible, although not
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Figure 18. 60 poles to schistosity and compositional 
layer ing,  contours represent 2%, 4%, 6 %, 
and 8 % densit ies.  Small x 's are plunges 
of small-scale fold axes.
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obvious, that the scatter of  poles away from the g ird le  in Figure 20 
is due to the effects o f  a l a t e r  deformation.
Reid and others (1975) believe a greenschist facies metamorphism 
accompanied the northeast-trending folding. The e ffects  o f  th is meta­
morphism show up strongly in the North Snowy Block and wane eastward, 
becoming v i r t u a l l y  nonexistent in the southeastern Beartooths.
No fau l ts  were seen in the homogenous schist and hornfels section. 
In the Cathedral Peak area, the b io t i t e  schists are in fa u l t  contact 
with the quartzo-feldspathic gneiss. This contact was not seen along 
the Boulder River.
CHAPTER V
HISTORICAL S U n riA R Y
The Precambrian history of  the Boulder River area can be divided 
into pre-Beartooth orogeny events, Beartooth orogeny events and post- 
Beartooth orogeny events (Table 7).
Pre-Beartooth Orogeny Events
In the North Snowy Block and in the southeastern Beartooth Moun­
ta ins ,  workers proposed an early Archean episode of tona l i té  intrusion  
and granulite facies metamorphism. In both cases, the argument for  
the high-grade metamorphism is based on a pyroxene-bearing assemblage 
from a single thin section (Bently, 1967; Reid and others, 1975). The 
age o f  th is event in the North Snowy Block comes from a single 3.0 b.y. 
Pb-Pb zircon date from a to n a l i t ic  gneiss (Reid and others, 1975). In 
the southeastern Beartooth Mountains, Mueller (1979b) offers more con­
vincing radiometric evidence of one or more periods of intrusion between 
3. 3 and 3. 7 b.y.
Evidence o f  an early Archean intrusive or metamorphic episode 
is not present in the Boulder River area or in the portions of the 
north-central Beartooth Mountains examined by Butler (1968) and Page 
(1977).
The Beartooth Orogeny Events
A 2.6 - 2.8 b.y. intrusive and metamorphic episode affected the 
e n t ire  Wyoming Province. The B -urtooths experienced low to
4 8
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Table 7. PRECAMBRIAN GEOLOGIC HISTORY
1. Deposition of metasedimentary protol i ths.  
c 2. Regional metamorphism to amphibolite facies. 2730 + 150 m.y,
CDO
S-
^  3. S t i l lw a te r  Complex Intrusion and formation of 2701 8  m.y
■g hornfels.
o
+->
i -
S 4. Granite intrusion. 2700 m.y.
5. Greenschist facies metamorphism. 1700-1900 m.y
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intermediate pressure amphibolite facies metamorphism which produced 
c o rd ie r i te  + s ta u ro l i te  schists in the west and cordier ite  + s i l l i -  
manite schists in the east. Deformation created north-south trending 
folds. Quartzo-feldspathic gneiss formed e i th er  by metamorphism of  
arkosic sediments or by deformation of pre or synkinematic intrusions.
A fte r  folding, the S t i l lw a te r  Igneous Complex intruded the schists 
producing hornfels. In the f ina l  phase of the orogeny, post-tectonic 
granites, such as the Boulder River Granite intruded the metamorphosed 
country rock.
Post-Beartooth Orogeny Events
Prior  to the greenschist facies metamorphism discussed below, 
there was intrusion of mafic dikes, some of which cut the S t i l lw ater  
Complex, and an extrusion of more than 300 m of lavas and tu ffs .
These volcanics, now in the greenschist facies, are exposed about 
6  km northeast of  the Boulder River area (Carabine, 1957).
The western Beartooth Mountains experienced a low-grade metamor­
phism sometime pr ior  to 1 . 6  - 1.9 b.y. This event only minimally a ffec­
ted the eastern Beartooths. Reid and others (1975) claim that defor­
mation during this metamorphism overprinted the north fold trend with 
northeast s tr ik ing  structures. In the Boulder River area, a weak 
l ineat ion  was produced in the granite,  but the schists were not affected 
Prior to mid-Cambrian deposition, the S t i l lw a te r  Complex was 
t i l t e d  25-35° and beveled (Jones and others, 1960). The date of this
51
event is not known. Perhaps i t  occurred during the greenschist facies 
metamorphism. Also the intrusion of more diabase dikes occurred prior  
to Cambrian time.
The mid-Cambrian Flathead sandstone covered a l l  the Precambrian 
rocks except the S t i l lw a te r  Complex which stood as a low h i l l  and con­
tr ibuted sediment to the Flathead (Jones and others, 1960). The S t i l l ­
water Complex was buried by the IJoolsey shale, the next youngest 
formation.
The Beartooth Mountains remained buried until  uplifted in the late  
Cretaceous of early Tert ia ry  period. The S t i l lw a te r  Complex was t i l t e d  
northward 60-80^ at th is time (Page, 1977).
Conclusions
The presence o f  north-trending fold axes c lear ly  shows the Boulder 
River area belongs to the eastern Beartooth structural te rra in .  Dur­
ing the 2.6 -  2.8 b.y. Beartooth orogeny, rocks in the Boulder River 
area were regionally metamorphosed to the amphibolite facies, contact 
metamorphosed by the S t i l lw a te r  Complex, and intruded by the Boulder 
River granite.
Later,  the rocks suffered a greenschist facies metamorphism.
This event is more character is t ic  of  the western province. I t  pre­
sumably reset the K-Ar mineral systems in the Boulder River area as 
i t  has done to the rocks to the west.
The location of the boundary between the eastern and western 
provinces v;as not found in this study. I t  must l i e  west of the
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Boulder River area. I suggest i t  may be the fau l t  that Reid and others 
(1975) proposed runs along the West Boulder River valley. Certainly  
the location and nature of the boundary is a prerequisite to under­
standing why the eastern and western Beartooth Mountains have d i f fe ren t  
structural and metamorphic h istories.
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APPENDIX I Sample location ui.ip.
